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12(4.).Terazosin 

Ttoapplicadoaisacontiimation-ia-partofco-pend^^ 
29JI1IB1990. 

^;2;^.„ph»ma=.»dcal=on,poSdo,«con«imn«fl«=on^"»i 
IS treatment I 
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35 



pflcVgronnd of fllsMgO^ 
Tk. adnmrgic nervous conool of bodily fcnedons is m=di«^ 
norepinephrine. wUohis8e«r««ii«te»i.en=,«icn«v«»drf.^ 
!ZZe ,rf^iss,nfl«izedind««J«nd«3»na».dsec«tedum,cm^ B«h 

rlionofa«rsepl.ysi<*«icalfan=don,.Sucl,funedonsW^^ 
^,^e(wldc*c»inaeaseblocdpress«).>ccelerano„ofl,em««,«d„cuon 

^Hc ctanses in ±e Uver, modulndon of cen«l nervous system aonvr,,. and many ofters. 

!Ltlrgiorec.p»rsarepro,einsembeddedinoenu.ernKn^^ 
soccific amino add sequence. FourgenenUfemiliesof«J.energicn»n,toBha«b«.riennfied 
^i^a., I, h »d p,.llof»bichcanbesdmu.«edbyno«pu»ptane«^ 
epinephrine. Tl.=sereoep»rfi»niUes.l,owever.differsuehd«« specific age^ 

dLUwWchcanselecdveIysdm„la«orinhiateachW»»f««P»-^«'^ 
recep«sel.cdvio.forapartic„laragonistoranBgorist.ge«isanimporan.ph.m««^ 

o Ih l agent and can have subs.«.tf.I in,p«« on its biological acdv..y. SKie effects and 
™;:^»^vestimuladonofd,e«,»l.enorec^^ 

pJfc^si™UonsaKjdiseases.a.cssuch.shypcnension.congesdveheartfadure,<^^ 
hypc.plLia.benignpros.adchyp«plasia.hyperinsulinemia.Upiddis^^^ 

many others. 
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Importantly, the a2 adrenorcceptors, which are very siniilar to the ai species, regulate the 
release of the two adrenergic honnones, norepinephrine and epinephrine, and impact on the overall 
level of adrenergic activity. The stimulation of 02 receptors by an agonist inhibits the secretion of 
norepinephrine and epinephrine, whereas 02 antagonist acdviQr increases the secretion of these 
5 homiones substantially. Thus, the 01/02 adrenoreceptor selectivity of an a-antagpnistis veay 

important and a desirable feature. 

A number of non-sdective a-«drenctgic blockers, su<* as phenoxybenzannne and 

phentolamine, have prominent effects on both oi and 02 leceptors. It is the 02 component of their 
adrenergic receiptor activity wMch increases the adnsneigic hormone secretion and thus li^ 
10 tiienqwuiicuse. T^jrical of such 02 antagonist effects are increases in plasma catecholanmne 
increases in heartrate and contractility, and other highly undesirable therapeutic phenomena. 

It is tiiereforc desirable to obtain ai blockmg agents which have greater ai/a2 selectivity 
than agents currentiy available. Such selectivity perasits treaunent of diseases characterized by 
elevated ai adrener^c activity wiflwut stimulating a2 adnmoiecq)ior-mediated secretion of 

15 norqiinephrine and epinephrine. 

2-[4-[(Teti^ydro-2-furanyl)carbcmyl]-l-inpera2iayl]-6.7siiinefliox 

also commonly known by its generic name, terazosin, has been known for several years as an 

antihypertensive drug. United States Patent 4,026,894 discloses and daims the compound and 

United States Patent 4,112,097 discloses and claims phannaceutical ccmipoations ctmtaining die 

20 conqwund and a metiwdoftreating hypertension in inammals. United States Patent 4,251,532 
discloses and claims the dihydrate of die hydrochloride salt of terazoan. The latter patent also 
discloses and claims pharmaceutical compositions comprising die hydrochloiide dihydrate and a 
mediod of ueating hypertenaon. WhUe the terazosin molecule possesses a single chiral center, and 
can thus exist in two enantiomeric forms, none of these patents discusses tiiis optical property of 

25 die molecule or menticMis die two enantiomers. 

In 1987, Nagatomo and coworkers reported die binding of die lademic compound and die 
individual enantiomers to a-receptors in dog brain and aorta tissue (Nagatomo, et aL, QiajL 
Pharm. Bull.. 35(4): 1629-1632 (1987)). Their data indicate diat, while botii enantiomers and the 
lacemic compound bind selectively to die aj receptors, litde difference appeared to exist betwem ', 

30 die degrees of sdectiviiy of die two enantiomers for ai rbceptors over 02 receptors. This article 
did not report any data to indicate die optical purity of die materials enaployed. 

It has now been found that die two enantiomeric forms of 2-[4-[(tetrahydro-2- 
35 furanyl)carbonyl]-l-piperazinyl]-6.7-dimethoxy-4-quinazolinainine (terazosin) can be resolyed, 
and a significant difference exists in die degree of selective binding die die R(+)- and S(-)- 
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enantiomas at the o-ad«ner^c receptors, resulting in important unexpected phannacologica^ 
^^^intheirtoxicity. miac.of affinity of the R(.Hnando«er of te^^^^^^^^ 
^U^cornpared to that of either the S(-)^nantiorr.er or therace^^ 
corferadvantagesontheiJW-enantioinerasaphainiaceuticalagent 

Tl.epresentinventionthusprovides.inoneen*odin«t»t.thecoa«^^^ 

r(tetrahydro.2-furanyl)carbonyn4-piperamyl>6J-to 

pt^^callyacLptable salts andhydrates.^^^^ 

' ranothLtnbodln«nt.th«eareprc^edphant«^^ 

therapeutically effective amount of iJ(^-^[4-[(tctrahydio.2.fum^^^ 

^Zcy J^uinazolinamine, a pharmaceutically acceptable salt and/or hydrate tiiereof , 

rafiirtherend^dirnentoftiiepresentk^^^^^ 
diseascr^-escAaracterizedbyabnorrnaUy elevated levels ofaia^^ 

lwDertension.congestiveheartfailure.hyperinsulinennaandbenignpm^^^ «a 

Srneedisuchtreatn^tcomprisingadrr^ster^^ 

J^4-[(tetrahydro-2-furanyl)carbonyl]-l-pipe^^ 
^^UUtablesaUorhydratetheteofsubstan^^ 



Ls(-)Won«l««ffllytethe«ame«<^an«Uc^on of disease SBBSwtaohai^^^ 
;S^bya^d»«*o«cep«Wocld„gage«s. •ttese disease aa«s are n=cog»z=d ,„ to 
H^„i„d»de h,pe«.*n. c™gesdvehea«fail»«. cardiac anhy4»ma.p.lm™ar, 
hype«ension. .nerioconsrtctfon. and benign p«,statfc hypeq-lasU (see, teexample, W. H. 
^ and Sblomo Chadap. "AdrenerBic Recep«s as Phannacolog,cal Ta^- Tl« ^ 
Adrenergic Blocldng Dmgs," Chapter 4 in Adrenergic Recepu,n in Man, Paul A. Insd. Ed, 
MaicelDekker, Inc., New York. ... 

m Knn "pharmaceudcally aecepuMe sate" refers »*e reUdvdy no«.«»ac aorgamo 
and organic acid addition salts of d.ecompoundofthep.esen.invento.TbesesdB^ 
p,q,=redin«m dnringtltefinalisoUtion »Klp,mfic.donof tf>eco.npo,»dsorbyse,«.atdy 
LLg.hepn,illedco,npot,«linitsft.eI«sefbnn«i.h.»it.M.organ.= or^^^ 
isdatingthcsal'*'"'"^ R^tativesaltsincladethehjAobn™de.h,drochlo.^de. 
sulfa... Hsntttte. phosphate, niuare. «»t.te. oxalate, valerate, oleate. palnutnte. stearate, laurate. 
borae.ten«>«e.lac«te.phosph«e.tosyl«e.ci.ra,e.n,aleate.fun«ra,e.™ 
naphthybte. ntesyUite. gtacohepton«e. ta«obiona«=. laurylsulphonate salts and the lice. (Sec for 
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example S. M. Berge, et al., "Phannaceutical Salts." LEUfflnLScL. 66: 1-19 (1977) which is 
incorporated herein by refcrrace.) The particularly preferred salt of 

hydrochloride. 

In accordance with the present invention, the two enantiomcts have now been substantially 
completely resolved, and the optical rotations of the base form of the compound have b^^ 
to be [a]D^2 = 34.83' (C=l, 3N hydrochloric add) for die R(+)-enantiomer and [afe^ - -26.9 
(01.3N hydrochloric arid) for die S(-)-enantiomer. Conversionofflie base forms of die two 
cnantioinerstotiiehydrocmoridesaltdihydrateformshasproducednialerialshaving 
rotations of [a]D28.5 = +23.9- (Ol. H2O) or greater for die dextrorotatory (i.e. R(+)) 
enantiomer and [a]D28.5 = .23.r (Ol. H2O) for die levorotatory (Le. S(-)) enantiomer. Further 
purification of die R(+)-enantiomer hydrochloride dihydrate has produced material to 
optical rotation of Wd^ = +25.3* (Ol, H20).5 

The binding afBnity of die substantiany completdy resdved enantiomers of terazosin for 
tiie ai and 02 adienoreceptors Onduding die OjA aiui cejB receptor subtypes) was mea^ 
standaidtedimques and dieresults are presented below ia Table 1. It is known diat more than «me 
species of Oz adrenoreceptDr can be differentiated in different tissues (D. B. Bylund. Pharmacol • 
Btocton.&5etevtor.22: 835-843 (1985). For example, human platelets have been recognized 
to contain an almost pure population of a sub-type of adrenoreceptor designated Oza. whereas 
neonatal rat lung ceUular membranes contain an 02 adienoreccptor subtype which has been 
designated a2B. TheceDularixKanbianesof rat cerebral cortex have roughly equal numbers of Oa 
adienoreceptors of bodi die and 0C2B subtypes. 

Binding of a compound at ai and oq, receptor sites is typicaUy determined by allowing the 
test compound to compete widi radiolabeled compounds which are known to sdectivdy 
each site. "Ihe technique is wdl known and described in die Uteratuie. The pKi, or negative 
logaridim of die bindin g equilibrium constant, is determined from die experimental data for eacji 
receptor and die degree of sdectivity of die compound in question for ai over a2rec«^tors can be 
measured by die antilogaridim of die differences between die pKj values for die two receptors. 

ai Adrenragic binding data were obtained for die two enantiomers of terazosin and die 
racemic compound. Tissue &om die liver and cerebral cortex of male Sprague-Dawley rats was 
homogenized in ice-cold assay buffer (Tris-Ha. 50 mM. pH 7.0 and 22*?C) . After centrifugation 
at 48,000 g for ten minutes die resulting pdlets. containing cdlular membranes containing a- 
leceptors, were icsuspended in 20 volumes of assay buffer and recentrifuged for ten minutes at 
48,000 g. liver membranes were diluted 200-fold and cerebral cortex tissues 50-fold widi assay 
buffer. 
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Binding to ai adrenergic receptors was characterized with Uver membranes in competition 
studies using tritiated prazosin (82 OAnmol. DuPont NEN; 0.2 nM) and six concentrations of each 
test compound at halMog incremental concentrations. Binding to ai adrenergic receptors wa.<^ 
chancteiized in cerebral cortex tissue using tritiated rauwolscine (82.2 O/mMol, DuPont NEN; 

5 05nM)andsixconcenirationsofcompetingtestcompound. EquiUbrium binding was 

chaiacterizedaftera50minuteincubationperiodat22°C. Bound tadioKgandim separated ftom 
radioUgand in solution by ffltrationundervacuumtbioughWhatman935AHfilters. After 
washing five times with ice^^old assay buffer, the filters were immersed in 3 ml of Ready-Solv EP 
Scintillation fluid (Beckman) and counted in a Beckman LS3801 counter for 10 minutes or to a 

10 preset counting enorof4J% at 50% counting effidency. 

the techniques described in die Uterature (Kewman. et aL. /. Clin. Invest., 61: 395-402 (1978); 
Hoffinan. et al.. Proc. Nat.. Acad. Sci. 77: 4569-4573 (1980); and Hoffman, et al., 
Endocrinology, 110: 926-932 (1982)) These harvested platelets were used as a source of Oja 
15 adrenorecq)to«. Neonatal rat lung tissue was used as die source of ocaBadrenoreceptors and was 
prepared by the techniques described by Bylund. et al.. /. Pharm. Exp. Ther., 245: 600-607 
(1988) Basically.ineaehinstance.tissueswerehomogenizedandaceUnienibranefraction 

prepared and washed by centirfiigation. with a final resuspension of the cdl homogenaie in 6.25 
volumes of 25 mMglycylglycine buffer (pH7.4)andstoredin2mlaHquotsat.80-Cuntilusedin 

20 flie assay. Each assay was peiformed as described above, using 50 pL of compound, water, or 
10-5Mphentolamine(to define non.q«cific binding), plus 450 ML of tritiated ra^^^ 

(approximately 0.2 nM) and 500 of tissue homogenate which, just prior to Ae assay was 
dflutedwithafiirtherl2volumesofgycylglycinebuffer. Hie tube contents were mixed and 
allowed to equiUhrale for two hours at O* C RadioUgand bound to die receptors was separated 

25 fownfieeradioligandusingiapid filtration overWhatmanGF/B filters. Tlie retained tissue was 
rinsed widi 45 mL washes of 50mM miS-HCl (pH 7.4) buffer. IHe filters were placed in 
individual scintillation vials, dried, and immersed in 3 mL of scintillation fluid. Radioactivity was 
determined using standard scintillation counting techniques. 

nie concentration at which 50% of the specifically bound radioligand was displaced by die 

30 test compound aCso) was calculated and converted to an equiUbrium dissociation constant (Kj) 
uang the fonnula: 

Ki = IC50/(1 + [L]/Kd) 

where [L] is the concentration of radioligand and Kd is the equiUbrium dissociation constant of the 
radioligand for the receptor. The mean pK, values for die R(+). Si-), and racemic terazosin appear 
35 in Table L 
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Table 1 

a-Adrener^c Binding of nic-Terazosin 
and Its Enantiomers 



Cmpd. 



Receptor 

Rat 
. Liver 
' pKi 
f^SEM) 



a2A+2B 
Receptor 
Rat 
Cortex 

pKi 
(j^SEM) 



ai/a2 
Select- 
ivity 
Ratio 



a2A 
Receptor 
Human 
platelets 

pKi 
(±SEM) 



ai/a2 
Select- 
ivity 
Ratio 



Receptor 
Rat 
Lung 
pKi 

GhSEM) 



Select- 
ivity 
Ratid 



R(+) 



Racendc 



S(-> 



9.016 
±0.083 

9.912 
±0.101 

9.192 
±P.112 



5.938 
±0.178 

6.569 
±0.129 

7.036 
±0.199 



1,197 
420 

143. 



5.668 
±0.033 

6.285 
±0.052 

6.538 
±0.039 



2,260 
811 
453 



6.603 
±0.041 

8.250 
±0.078 

8.777 
±0.119 



260 
8.8 
2.6 



*AntUog lpKi(ai)-pKi(a2)] 

ExaimnationofthedaffipresentedinTaMel*owttattwhikR(+>tenia^ 

10 Wndingaffinityfortheaiadi«ioiccq«orsimilartot^^ 

R(+>cnantiomer was more selective for theai adrenorecptor as indicated by the ai/oj selecttvily 
latiosforthetwoenantiomersandtfieraccmate. Thedegieeof selectivity of the R(+)-enantioma: 
over the S(-)-enantiomer or the tacemate is more pronounced when the ai/a2 selectivity 
latiosvalues for the and adrenoteceptor subtypes are compared. 

15 As discussed above, compounds which are active at a2 receptors are impHcated in 

controlUng the release of norepinephrine and related catecholamines. Thus, it is beUeved ±!itR(;i-y 
2-I4-[(tetrahydro-2-fiiranyl)carbonyll-l-piperazinyl]-6jHiimethoxy^quinazol^ 
useful pharmaceutical properties while being less subject to undesiiable side effects which How 
fiom a2-adrcnergic binding activity. 
20 Theacutetoxidtiesofthetwqenantionjericformsofterazodnandtiieracemiccortq)^ 

were tested in adult male mice by intravenous administration, and the data appear in Table 2. 
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Compound 



R(+) 
Raoemate 

S(-) 



Table 2 
Acute Toxicity 



IV » Confidence 
LD50 mg/Kg Limits 



306.6"^ 

247.9 

204.6 



"265.8 - 445.1" 
230.5 - 273.0 
178.8 - 234.1 



statistical 
Significance 



Rac vs R(+) = 

p<0.05 
R(+)vsS(-) = 

p<0.05 
RacvsS(-) = 
p<0.05 



nie data appearing in Table 2 show that R(+)-tera20sin exhibits a roughly 50% higher 
LD50 a e lower acute toxicity) than the conesponding S(-)-enantioiner. 

Racemic terazosin and the two enentiomers were tested for th«r effects on blood pressure 

10 andheartrateinunanestheti2edq)ontaneouslyhypertensive(SH)iats,an^ 

inTables3and4. TlieWoodpressureof addl, male lals of die Okamoto strain to which the te« 
compounds were administered, was measured by means of an automatically controlled pressure 
cuffattachedtothebaseofdietailofeachtestanimaL A photocdl, placed distallly to the cuff 
sensed diearterial pulse wave. Five interference-ftee signals, obtained during deflation of the cuff 

15 wereobtainedfbreachrat Only those lats having a systolic blood pressure in excess of 175 nun 
Hg during the control were enaployed in the study. 

Table 3 

Effects of Terazosin on Blood Pressure 
20 in Spontaneously Hypertensive Rats 



Hours 
After 
Dosing 



Dose 
(mg/Kg) 



Vehicle 
% Change 
from 0- 
Hour 
Value 



Racemate 
% Change 
from 0- 
Hour 

Value 



R(+) 
% Change 

from 0- 
Hour 

Value. 



S(-) 
% Change 
from 0- 
Hour 
Value 



1 


0.0 
1.0 
10.0 


\0 £/XTl / 

-1.32 (2.8) 


-20.52 (1.6) 
-36.18 (2.9) 


-22.37 (1.7) 
-28.58 (2.4) 


-25.00 (1.7) 
-31.81 (3.0) 


5 


0.0 
1.0 
10.0 


-2,77 (2.5) 


-8.82 (2.7) 
-22.60 (1.9) 


-6.42 (1.3) 
-18.16 (2.4) 


-27.25 (2.2) 
-30.38 (2.8) 
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Tabie 4 

Effects of Terazosin on Heart Rate 
in Spontaneously Hypertensive Rats 



Hours 
After 
Dosing 



Dose 
(mg/Kg) 



Vehicle 
% Change 

from 0- 
Hour 
Value 



Racemate 
% Change 
from 0- 
Hour 
Value 



R(+) 
% Change 
from 0- 
Hour 
Value 



S(.) 
% Change 
from 0- 
Hour 
Value 



1 


0.0 
1.0 
10.0 


-2.93(2.9) 


8.81 (6.7) 
8.58 (6.0) 


-0.04 (3.5) 
-1.68 (3.5) 


5.86(3.2) 
10.92(5.2) 


5 


0.0 

1.0 
10.0 


-9.96 (3.7) 


-4.61 (3.8) 
2.44 (6.5) 


-6.20 (2.5) 
-13.26 (3.3) 


-0.31 (4.7) 
3.94(5.4) 



mdatainTable3showsthat(R(+)-.S(-)-aiuiTacOTUCterazosinanp^^ 
10 lowcringofbloodpiessare;however,thedatainTable4sh<>wthatR(4.)-te^ . 
effea on heart rate inoease than diher S(-)-terazosin or the lacen^ 

m inMbition of 02 adienorecq)lors in v/v<» is ImoMra to f adfitaie 

neuronal transmitter, noiepinopehrine. which in turn can. cause an increase in cardiac contratetifity. 
m a forflier test. laceniic terazosin and the two enantiomers were tested for their effects on the 
15 ievdsofplasinanorcpinephrineinanesthetizeddogs,andtheresultsappearin Tabled 

beagle dogs wei^ng between 8.2 and 13.2 Kg were anesthetized vnxh pentobarbital. 

Hectiocaidiograin leads were attached to the dogs and a lead 1 1 electrocardiogram 

ASwan Ganzcadieter was advanced into thepulmonary artey for measurement of pulmonary aiteiy 

pressure and cardiac output Central venous pressure was measured through the proximal port of 
20 thecatheter. A dual tip micromanometer (Millar Model SPC-770 7F) was advanced into the left . . 

ventricleof theheartformeasurcmentofleftventricularpressure. The right femoral vem was 

cannulated for administration of the test compounds. 

Following a stabiUzation period of sbcty minutes, vehicle (0.9% NaQ) was injected at a 

volume of 0.1 mg/Kg. Sbcty minutes later, the lower dose (0.3 mg^g) of the test compound was 
25 administered.followedsixtymmuteslaterbythehigherdose(3.0mgAcg). TTie compounds were 

tested in fifteen dogs each, using a randomized schedule. 
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. TTiedau in Table 5 show that there was no apprcdable change in left ventricular 

contractility upon administration of the R(+>enantiomer of terazosin, while administration of either 
the S(-)-enantiorner or the racanate produced ineasurable increases, even one hour after 

administration. 

5 The present invention also provides pharmaceutical compositions which comprise one or 

more of the compounds of formulal above ftmnulated together with one or more non-toxic 
pharmaceuricaUyaccq>tablecaiiiers.Thepharaiaceoticalooii5»si&^ 
foimulated for oral administration in solid or liquid fiorm, for parenteral injection, or for rectal. 

vaginal, or topical ad minis tration. 
10 The phariiiaceatical compositions of this invention can be adiiiinistered to humans and ot^ 

animals orally, rectally. parcnteraUy , intradstemally. intravaginaUy, intraperitoneally, topically (as 
bypowder8.dntinents,ordiops),bucally,orasanoralornasalspray. Hie term "parenteral" 

administration as used herein refers to modes of admimstrarion which include intravenous, 
intraionscular. intraperitoneal, intrastemal. subcutaneous and intraarticular inj^^^ 
15 Pharmaceutical compositions oftiiis invention for parenteral injection comprise 

pharmaccutically acceptable sterile aqueous or nonaqueous solutions, dispersions, suspenrions qr 
emulsions as wdl as sterile powders for leconstitution into stoile injectabte solution 
dispersionsjustpriortouse. Exaniples of suitable aqu«xms and nonaqueous earners, diluents, 
solvents or vehicles include water, eflianol. polyols (such as ^yceroU propylene glycol, 
20 polyetiiylene glycol, and tiie like), and suitable mfattures thereof, vegetable oils (such as oUve oil), 
andinjectableorganicesterssuchasetiiyloleate. Proper fluidity can be maintained, for exanqjle. 
by tiie use of coating materials such as ledtiun. by tiie maintenance of tiie required particle a« 

tiie case of dispersions, and by the use of surfactants. 

These compositions may also contain adjuvants such as preservative, wetting agents. 

25 emdsifyingagents,anddispersingagents. PreventionoftiieactionofrmcroorganisnK 

ensured by the inclusion of various antibacterial and antifungal agents, for example, paraben, 
chlorobutanol. phenol sorbic acid, and the like. It may also be desirable to include isotonic agents 
such as sugars, sodium chloride, and tiie like. Prolonged absorption of tiie injectable 
pharmaceutical form may be brought about by tiie inclusion of agents which delay absorption such 

30 as aluminum monostearate and gelatin. 

In some cases, in order to prolong tiie effect of tiie drug, it is desirable to slow tiie 
absorption of tiie drug fiom subcutaneous or inoamuscular injection. TOs may be accomplished 
by die use of a Uquid suspension of crystaffine or amorphous material witii poor water solubffity . 
The rate of absorption of tiie drag tiien depends upon its rate of dissolution which, in mm. may 

35 depend upon crystal size and crystallme form. Altematively. delayed absorption of a parenteraUy 
administered drug form is accomplished by dissolving or suspending tiie drag in an oil vehicle. 
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Mectabledepc^fonnsaiemadebyfoniiingimctoencapsd^ 
Kodegradablepolymers such aspolylactide-pdyglycoUde. Dependingupon theratioof drug to 
polyn«raiuithenatureofthepaxticularpolymeren,,loyed,theratt^ 
contrdleAExarnplesofotherbiodcgradablepolymersinclude^^^^^ 
poManhydrides) Depot injectable fonnulations are also prepared by entrapping the drug ui 
Bposomesormicroemulsionswhichareconipatiblewithbodytissue^ 

The injectable formulations can be sterilized, forexample, by filtration through abacterial. 
,etainingfflter.orbyincorporatingsterilizingagentsintheforrnof^^ 
which be dissoWed or dispersedin sterile vrateror other sterileinjectable^^ 



10 use. 



SoUd dosage forms for oral administration include cqjsules. tablets, pills, powders, and 
granules, m such sdid dosage forms, the active compound is mixed vrith at least one inert. 

^naceuticattyacceptableexdpi^^^ 

and/or a) fillers or extenders such as starches, lactose, sucrose, glucose, mannuol. and sihcrc^acrd. 

,5 b) binders such as.for exanq,le. carboxymetiiylcellulose, alginates, gelatin, polyvinylpynohdone. 
sucrose, and acada. c) humectants such as glycerol, d) disintegrating agents such as agar-agar, 
calcium carbonate, potato or tapioca stamh. alginic add. certain siUcates. and sodium carbonate, e) 
solution retarding agents such as paraffin, f) absorption accelerators sud, as quaternary ammomum 
compounds, g) wetting agents such as. for example, cetyl alcohol and glycerol monostearate. h) 

20 absorbentssuchaskaoUnandbentonitecky.andi)lubricantssudiastak.cald^ 

magnesium stearate. solid polyethylene glycols, sodium lamyl sulfate, and mixtures tiiereof. m 
tiiecaseof capsules, tablets and piUs.tiiedosagefomimayalsocomprise burring ag^t^ ^ 

SoKd compositions of a sunilar type may also be employed as fillers in soft and hard-filled 
gelatin capsules using such exdpients as lactose or milk sugar as weU as hi^ 

25 polyetiiylene glycols and die like. 

•Ihe solid dosage fomis of tablets, dragees. capsules. piUs. and granules can be prepared 
witiicoatingsandshellssuchasentericcoatingsandotiiercoatingswellknownintiie 

pharmaceutical fomiulating art They may optionally contain opacifying agents and can also be of 
a composition tiiat tiiey release the active ingredient(s) only, or preferentially, in a certam part of 
30 the intestinal tract, optionally, in a ddayed manner. Examples of embedding compositions which 
can be used include polymeric substances and waxes. 

The active compounds can also be in micro-encapsulated form, if appropriate, witii one or 
more of the above-mentioned excipients. 

Liquid dosage fomis for oral administration hiclude pharmaceutically acceptable emulsions. 
3. solutions, suspensions, syrups and elixirs. In addition to die active compounds, die liquid dosage 
fomis may contain inert diluents commonly used in tiieart such as. forexample. water or otiier 
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10 



15 



solvents, solubUizing agents and emulsificrs such as ethyl alcohol, isopropyl alcohol, ethyl 
caibonate. ethyl acetate, benzyl alcohol, benzyl benzoate. propylene glycol, 1,3-batylene glycol, 
dimethyl fonnamide, oils On particular, cottonseed, groundnut, com, genn, oUve, castor, and 
sesame dls). glycerol, tetrahydrofurfuryl alcohol, polyethylene glycols and fedy add esters of 

soriritan. and mixtures thereof. 

Besides inert diluents, the oral compositions can also include adjuvants such as wetto^ 

agents, emulating and suqwnding agents, sweetening flavoring, arid perf^ 

Suspensions, in addition ID the active compounds, xnay contain suspending agents as, 

exari5>le, eAoxylaied isostearyl alcohols, polyoxyethylene sorbitol 
nricrocrystalline ceUulose. ahraiinum metahydroxide, ben^^ 

mixtmesthereot 

Compositions for rectal or vaginal administtation are preferably suppositories which can be 
prepared by mfacing the compounds of this invention witii suitable non-irritating excipients or 
carriers such as cocoa butter, polyethylene glycol or a suppository wax which are solid at room 
tenperannebutliquidatbodytemperanireandtiiereforemekintheiectumorvag^ 

release die active cootpound. 

Compounds of the presentinvention can also be administered in the fonnofUposorries. As 

is known in the art, Uposomes are generally derived fiom phosphoUpids or other lipid substances, 
liposoines are forrned by rnono-ormulti.lamdlarhydrated liquid crystak 
aqueous medium. Any nonrtoxic,phyadogicaUy acceptable and metabolizableUpid capable of 
forming liposomes can be used. The present compositions in Kposome form can contain, in 
addition to a compound of die present invention, stabilizers, preservatives, excipients, and tiie like, 
nie preferred lipids are the phosphoUpids and die phosphatidyl cholines Oedtiuns), botii namral 
andsyntiietic. 

Metiiods to form liposomes are known in tiie art See, for example, Prescott, Ed., 
jufftl^^r ^^lnrallBiologv. Volume XIV, Academic Press, New York, N.Y. (1976). p. 33 et seq. 

Dosage forms for topical administration of a compound of tiiis invention indude powders, 
sprays, ointments and inhalants. The active compound is mixed under sterile conditions witii a 
pharmaceutically acceptable carrier and any needed preservatives, buffers, or propellants which 
nay be required. OpUiahnic formulations, eye dntments. powders and solutions are also 
contemplated as being witiiin die scope <rf tills invention. 

Actual dosage levels of active ingredients in tiie pharmaceutical compositions of tins 

invention may be varied so as to obtain an aniount of tiie active con5)ound(s) tiiat is eff^^^ 
acWeve flie desired tiierapeutic response for a particular patient, conipositions, and mode 
35 adimrastration-Theselecteddosagelevelwilldependupontfieactivityoftiieparticular 
compound, theroute of administration, die severity of die condition being treated, and die 
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condition and prior medical history of the patient being treated. However, it is within the skill of 
the art to start doses of the compound at levels lower than required for to achieve the desired 
thera^utic effect and to gradually increase the dosage untU the desired effect is achieved. 

For use as an antihypenensive agent, the compound of this invention is generaUy dosed 
5 orallyat levels of about 0.01 mg to about 250 mg. more preferably of about 0.1 mg to about 100 
mg of active compoundper kilogram of body wdghtperdaytoamammalian patient. If desired. 

the effective daily dose may be divided into multiple doses for purposes of administration. e.g. two 

to four sq)arate doses per day. 

E^xample 1 

iiiiiiinrnlinnminr fm\ Pf-^vr«"^^^^-fa^° acid resobsdasitislaaflBS alt 

Step 1 - Pteparation of i?(+)-tetrahydro-2-furoic acid 

Using the procedure detailed in LSMn. 61:1383-1386 (1983), racemic tetrahydro- 
15 2-furoic acid was first converted to a mixmre of the diastereomeric brudne salts by reaction with 
(.).brudneinethylacetate. TTie crude bmcine salt of i?(+)-tetrah3«iro.2.fi^k^^^^ 
predpitatedhadarrieltingpointofl91-197»CandanopticaliotationM^ -7.86 (C-1. 

ii«5ihanol) TTMJtnaterialwasiecrystaUizedthieetimesfiomethylacetatetoyidd^^ 
«^S-^?Javingan<^rotation[a]D23-C = ^.8' (Ol. methanol) Oiterature 

20 value[a]D = -5.8' (0=1. methanol)). 

•me salt was acidified to recover /?(+).tetrahydro-2-fmoic add, b.p. 57-58-C at 0.1 mm 
Hg.refiacti4index,TlD25 = 1.4953.opticdrotation[a]D2rC = ^33.3r(C=l.cW^^^^ 

(Btetature value Md = + 30.4* (Ol, chloroform). 

25 Step 2 - Preparation of /J(+)-2-[4.[(tetrahydro-2.furanyl)carbonyl]-l-pip^ 
4-quinazoIinamine 

i?(+).Tetrahydro-2-fuioic add was dissolved in tetrahydrofuran and 2.0 g (0.017 mole) of 
dicyclohexylcarbodiimide was added foUowed by 3.50 g (0.017 mole) N-hydroxysucdnimide. 
niemixturewasstinedovemightatiDomtemperamre. TTiepredpitateddicyclohexylurea which 

30 formed was collected by filtration and the residue washed with a smaU amouM of tetrahydrofuran. 
The solid was discarded and the washinp added to the filtrate. 

To the filtrate were added a solution of 4.91 g (0.017 mole) of 4-amino-6.7-dimethoxy.2- 
piperazinyl.4-quinazoIine in tetrahydrofiimn. The resulting mbcture was stirred overnight at room 
tenq^anire. Hie soUd which had predpitated was collected by filtration and washed several tmies 

35 with tetrahydrofuran. The washings were combined with the filtrate which was evaporated to 
dryness. The residual soUd was taken up in a 5/1 mixture of methylene chloride/methanol and the 
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resulting mixture distiUed to remove the methylene diloride. Hie removed methylene chloride was 
replaced by an equal vdutnc of uKthanol. at which point the product began to crystallize 

solution. The solution was allowed to cool to room tenqwature and stand for several hours. 
yielding/f(+>2-I4-[(tetrahydro-2-£uranyl)carbonyl]-l-piperazinyl]-6,7-^ 
5 q «in..oHnamin e. m.p. 272-274'C optical rotation [alD22'C = 34.83' (C=l, 3N hydiochloiic 

add). 

Example 2 

Preparation of g^-^V^-r4-rftetTa } ivHTrv7-fiiranvnnaThonv11-l-l)il}^ 

mrinnriTlinnminffi hy^wv^^'^''^'^''- saittiihvdrate 

10 R(+)-Terazosin hydrodiloride salt dihydrate was prepared by heating an ethanol solution 

of^(+>2-[4-[(teti^ydro-2-ftayl)caibonyl]-l-piperazinyl]-6,7-dimeth^ 
ncarreflux and adding sUghdy more tim one eqmvalent of concoitrated aqueous hydrochloric 
acid. Solution occurred inmediatdy, and tijcinixture was allowed to cool to room ten5)cratureaiKi 
stand for several hours. Tlie precipitate which fiwmed was collected by filtration, washed with 

15 ethanol. and dried to yield R(4>2-[4-[(tetrahydn)-2-furanyl)carbonylH^^ 

dimeflioKy-4-quinazolinamine, hydrochloride salt dihydrate having a melting point of 
260.5-263.5*C and an optical rotation [a]D28 J*C = +23.94' (C=l, water). 

Example 3 

20 P»T.aratinn of pr-4.V2-r4-rftetra h vHm.2-furanvlVaThonvn-l ■piperazipvn-6,7-diTn?tfi9?CY-4- 
qiiinazolinamine hy ^rry^ ^lnriHe Hihvdrate fro m CT rr"P ti f?f ^^'^ msolved tetrahvdro-2-fiiroic add 

Step 1 - Preparation of the benzyl ester of raccmic tetrahydrofimMC add 

(R,S)-Tetrahydio-2-furoic acid (1.152 kg, 10.1 tool) was dissolved in 5 liters of 

25 dichloromethane. Benzyl alcohol (1.08 kg. 10 mol) was added, followed by 10 ml of concentraied 
sulfuricadd. The resulting inixtare was heated to rrflux and maintained at tiiattenipraature,wih 
azeotrqpic distillation of water derived fimm tiie reaction. When the calculated amount of water had 
been collected, the reaction mixture was cooled to room temperature and washed with 1 liter of 5% 
aqueous sodium bicarbonate solution and tw«« with 1 Kter portions of water. The solution was 

30 tiiwi dried over anhydrous magnesium sulfate, filtered, and concentrated under vacuum to yield 
1.9 kg of tetrahydro-2-furoic add benzyl ester which was found to be 92% pure by 

chromatographic analysis. 

Stq) 2 - Enzymatic resolution of tetrahydro-2-furoic add 
35 TetrahydiD-2-furoic acid benzyl ester (412 g, 2.0 mol) was mixed witii 5 Uters of 0.1 M 

phosphate buffer and tiie pH adjusted to 7.0 with sodium hydrojude solution. Pro^e® 6 
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maintained at pH6.84-7.0JDynicui r .^^j-u. 

(C=l,CHa3); 25 -l45Q5 ralr»25 = .33.07* 

e„anSon.andrtx»«15®ofIh»e>«»««»»^ Wo*-ap of the prodact of Ais enzymatic 
process in the manner descnbed above yieioea, aiiw 
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(C = l.CHCl3). 

Step 3 - Prcparatipn of /?(+>2-[4-[(tetrahydio-2-fumyDcarbonyl]-l-pipera2inyq 
4siuinazoIinamine, hydrochloride dihydiate 

The tide compound was prepared fiom die enzymaticaDy-resolvcd (R)-tetrahydiD-2-fuiDic 
add using die mediods of Step 3 of Example 1 and Exanaple 2. (alu^* = + 25 33* (C = 1, H2O). 

Example 4 

PrePmtion irf Sf-V244-raetrahvdro-2-furanv1tearhonvn. t -T«ngrarf 
omnazolinamine 

Step 1 - Pieparadon of S(->-tettahydrofiiioic add 

Using die piocedure detailed in QoLLQlSSa^ 61:1383-1386 (1983), lacemic tetrahydro- 
2-foroic add was first canverted to a mixture of die diastereomeric qphedrine salts by reaction widi 
(+)-ephedrine in ediyl acetate. The crude S(-)-cphedrine saU which first predptated had a mdting 

point of 114-1 15*C The material was recrystaDizcd four times fiom cdiyl acetate to yiddrnaicrid 
melting at 1 15-1 17'C and having an optical rotation [a]D26^C = +13.4* (C=l, medianol) 
(literature [a]£) - +13.8*). 

The salt was addified to recover die 5(-)-tetrahydn)-2-furoic add, b.p. 60*C at 0^ mm 
Hg, refiactive index, hp^S = 1.4582, optical rotation [a]D22 = .32.02' (C=l, chloroform) 
(literature [a]D =-30.r (C=l, chloroform)). 

Stq)2-BffiDaiatimflfSf-V2-r4-rftetrahvdrn-2.fiiranvl^i^t^ 
flirinagnlinfliifriUff 

The procedure ar5)loyed was die saine as diat described above in Example 1 for die ]?(+)- 
enantiomer, yielding S(-)-2-[4-((tetrahydro-2-furanyl)carbonyl)-l-piperazinyl]-6,7-diinedioxy-4- 
quinazoluiamine, m.p. 269 J-27LrC, optical rotation Wd^^'C = .26.9' (C=l, 3N hydrochloric 
add). 

Example 5 

£lSBm3timfl£Sf-)-2-r4-rftcm<hvdro-2-faranvncarix>nvn 

The procedure employed was die same as in Example 2 for die preparation of die 
hydrochloride salt of die R(+)-enantiomer. M.p. 271.5-273'C (dec.), optical rotation [a]£)28.5*C 
- -23.1* (0=1, water). 
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Example 6 

PfflP pninatinn ^f^h^ n^txi^} Pnritvof Rf+VTgrazpsin 

•nie material of Examples 2 and 3 was analyzed for optical purity by separation of the R(+)- 
and S(->enantioraers on a cbiral AGP column (aj acid glycoprotein column, ChiomTech, Box 
512. 8-145 63 Norsberg. Sweden). The mobile phase consisted of 50 mM potassium phosphate 
atpH74andacetonitrileinaiatioof94/6. Hie flow late was 0.9 mVWn. The mobile phase was 
equiUbiatedatO-C-6-C Detection of the ehiate was liy ultraviolet fight at 254 liM SamplesofSjil 
containing 0.1 mg^ml of compound were employed. 



Ex ample 
2 

3 



Opt ical Rotation 
+ 23.94* 
+ 25.33- 



Percent Rf+VEnantiomer 
91 
>99 



While there have been described and iUustrated what are believed to be the preferred 
embodiments of the present imrention. it will be obvious to one of ordinary skiU in the art that 
various modifications thereof can be made without departing fitom the scope of the invention as it ^ 
defined by the appended claims. 
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WECLAIM: 

1. The compound having the name J?(+)-2-[4-[(tetrahydro-2-fnranyl)carbonyl].l-pipaa^ 
6,7-dimcthoxy-4-quinazolinainine or a phannaceutically acceptable salt tiiereof substantially 
fiee of the S(-)-enantionaer. 

2. The con^und having the name i?(+).2-[4-[(tetrahydio-2-furanyl)carbonyl]-l-piperazipyI]- 
6,7 diroedifwy-4-qm"p^i^"""^"''- having an optical rotation of at least Mn^'C = 34.83* 

(Ol. 3N hydrochloric add). 

3. The componnd having the name i?(+>2-[4-[(tetrahydro-2-furanyl)carbonyl]-l-piperazinyl]- 
6,7-<Jimethoxy-4-quina2dinanrine hydrodiloridc dihydrate substantially fiee of the S(->- 
mandomer. 

4. The coinpound as defined by Caaim 3 having an optical rotation of at least [o]d^-5*C 
(C=l, water) of +23.9*. 

5. A phannaceutical compositicm ccnnprising a Acrapcuticany cfiBscfive amount of /?(+)-2p[4-^ 
[(tetndiydro-2-funmyl)caibonyl]-l-pi^^ 

phannaceutically acceptable salt thereof substantially fiee of Ae S(-)-enantioiner. in 
combination with a phamaceutically acceptable carrier. 

6. A method oftreating disease states modulated by aiadreneisJc activity!^ 
need of such treatment while minimizing imwanted side effects icsulti^^ 
adreneigic activity comprising admimstering a thcrapcuticaUy efif^ 
[4-[(tetrahydrt>-2-furanyl)carbonyl]-l-pipcrazinyl]-6,7-Ki^^ or a 
phannaceutically acceptable salt thereof substantially finee of the S(-)-enandomer. 

7. A method oftreating disease states modulated by ai adrenergic activity in a manu^ 
need of such treatment without undesirable heart rate increase resulting from 02 adrenergic 
activity comprising adrninistering a therapeutically effective amount of /?(+)-2- 
[4-[(tetrahydiT>-2-furanyl)carbonyl]-l-piperazinyl]-6J-dimethoxy-^^ ot a 
phannaceutically acceptable salt tiiereof substantially free of the S(-)-enantiomer. 



I 
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8. 



A method of treating disease states modulated by ai adrenergic activity in a mammal in 
need ofsuch matmentv^thout undesirable cardiac contractiUty increase rea^^^ 
adrenergic activity comprising administering a therapeuticaUy effective amount of /?(+)-2- 
[4.[(tetrahydro-2-furanyl)carbonyl]-l-piperazinyl]-6J-dimetii^^^ or a 

pharmaceuricaUy accq.table salt thereof substantiaUyftee of the S(->enMtiomer. 

9 A method of treating hypertension in a mammal in need of such treamwnt comprising 
administering a therapeutically eEfective amountof /?(+>2.[4-I(tetiahydio.2. 
fimmyl)caibonyl]-l.pipenizinylWHfimeihoxy-4Kiuin^ 

acceptable salt tfiereof substantiaUy ftce of the S(-)-enantioiBer. 

10 A method of treating benign prostatic hyperplasia in a mammalin need of such treamient 
comprising administering a tiieiapeutically effective amount of /?(+)-2-[4.[(tetrahydro.2- 
toyl)carbonyl]-l-piperazinyl]-6.7-dimetiioxy-4^uina2olinamine oraphaimaceutically 

acceptable salt tiiereof substantially fiee of tiie S(-)-enantiomer. 
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